Cryptosporidium sp. is a coccidian parasite of humans and animals and an agent of acute enterocolitis (9, 24, 34) . Cases of human infection involving the respiratory tract have also been reported (19, 23) . Although formerly believed to be strictly a zoonosis, cryptosporidiosis is now believed to be acquired also through person-to-person transmission (2, 3, 6, 8) . The prevalence of detectable Cryptosporidium infection in the human population as a whole is very low-probably below 1%-although no survey of the general population has ever been published. However, in patients with gastrointestinal symptoms the prevalence of infection has been reported to range from 1.2 to 9% in developed countries (12, 14, 16, 17, 25, 33 (4, 20, 21, 28, 35 ; N. Hojlyng, K. Molbak, S. Jepsen, and A. P. Hansson, Letter, Lancet i: 734, 1984) . A number of reports have shown that the prevalence of infection is generally higher in children than in adults (4, 6, 16, 25, 28, 33; Casemore et al., Letter, 1984; Casemore and Jackson, Letter, 1983) and also higher among children in urban areas than in rural areas (20; Hojlyng et al., Letter, 1984) . A number of outbreaks of cryptosporidiosis were reported recently in day-care centers in the United States (7, 32) . In patients with acquired immunodeficiency syndrome or other immunodeficient or immunodepressed states, Cryptosporidium infection is a serious complication and may result in a life-threatening loss of fluids and electrolytes (8, 18, 22, 29, 36) .
Cryptosporidium infection is diagnosed by identifying the oocyst stage of the parasite in host feces or biopsy tissue. Oocysts are most commonly identified in clinical laboratories by acid-fast staining of fecal smears or concentrates with carbolfuchsin (cold Kinyoun stain, dimethyl sulfoxide [DMSO]-carbolfuchsin, or Ziehl-Neelsen stain) (5, 11, 13, 18, 19, 23) , by fluorescence staining with auramine-phenol (11, 25, 32, 35; Casemore et (30, 31) recently showed that the detection of Cryptosporidium oocysts in fecal smears by direct immunofluorescence with a monoclonal antibody is a practical and specific method of diagnosis, although some cross-reactivity was obtained with certain fecal yeasts. An FA detection method has also been reported for the detection of Giardia lamblia cysts in fecal smears (27) .
By using a rabbit antiserum prepared against Cryptosporidium oocysts of bovine origin, we tested the sensitivity and specificity of an indirect FA (IFA) method of detecting Cryptosporidium oocysts in fecal smears of human, nonhuman primate, and bovine origin and quantitatively compared 518 STIBBS AND ONGERTH the sensitivity of this method to that of the auramine and DMSO-carbolfuchsin staining techniques.
MATERIALS AND METHODS
The oocysts used in the preparation of rabbit antiserum were isolated from the manure of Holstein calves (7 to 15 days old) which had previously been confirmed as Cryptosporidium infected by DMSO-carbolfuchsin staining (5) tency. Five slides of each specimen were prepared for staining by each method. The number of oocysts on each slide was determined by counting the oocysts visible per field in 27 fields (human specimen) or 150 fields (monkey specimen) examined per slide under x400 magnification. Bright-field microscopy was used for the carbolfuchsinstained slides; epifluorescence microscopy was used for the auramine-and IFA-stained slides. The fields counted on each slide were divided evenly among the left, middle, and right thirds of the slide area. Differences between the mean numbers of oocysts counted per slide by each staining method were compared statistically by using a one-tailed Student t test. RESULTS The antioocyst immune serum bound strongly and specifically to purified Cryptosporidiium oocysts of bovine origin by indirect immunofluorescence (Fig. 1) . Strong reactions were obtained at antiserum dilutions of 1:20, 1:40, and 1:60. At a 1:80 dilution, fluorescence decreased noticeably but was still apparent. Preimmune rabbit serum showed no reaction with oocysts (data not shown). Fluorescence obtained by using the immune serum emanated primarily from the walls of the oocysts. No binding of antiserum to internal components was observed. Binding of antiserum to excysted sporozoites was not tested. Immunofluorescence tests also revealed that the purified bovine-source oocysts used in immunization contained small numbers of bacilli. These bacteria did not bind antiserum but were revealed by the rhodamine counterstain.
The immunofluorescence procedure clearly detected Cryptosporidium oocysts in human, monkey, and bovine fecal smears (Fig. 2) . The human fecal specimen shown in Fig. 2A was the one not stored in potassium dichromate. Cryptosporidium oocysts were virtually the only objects in the fecal smears that were bound by the antiserum. The oocysts observed in all samples were of uniform size (3 to 5 ,m in diameter), indicating that the species was probably Cryptosporidium parvum in each specimen (34) .
Immunofluorescence cross-reactivity testing (with the same dilutions of primary and secondary antisera as noted above) revealed no binding of the antioocyst immune serum to cultured Candida albicans yeasts; to human-source G. lamblia, Entamoeba histolytica, Entamoeba coli, or Endolimax nana cysts; to Giardia sp., Chilomastix sp., and Entamnoeba sp. cysts isolated from a muskrat (Ondatra zibethica); to Blastocystis hominis cells from a human stool With both of the fecal specimens used in the sensitivity comparison of the staining methods, the IFA method was much superior to DMSO-carbolfuchsin staining (Table 1) . With the human-derived specimen, IFA and auramine gave similar results and were not statistically different in sensitivity. However, with the monkey fecal specimen, in which oocysts were very sparse, the IFA method detected more than twice as many oocysts per slide as the auramine method did. The IFA method detected more than 13 times as many oocysts as did the carbolfuchsin method with the human specimen and more than five times as many with the monkey specimen. Auramine 0 was also 13 times more sensitive than carbolfuchsin with the human specimen (P < 0.005) and was more than twice as sensitive with the monkey specimen (P < 0.05). These differences were all statistically significant at or above the 95% confidence level.
DISCUSSION
Indirect immunofluorescence is clearly a sensitive and specific method for detecting Cryptosporidium oocysts in fecal smears from human and animal sources. The IFA method was substantially more sensitive in oocyst detection than was the DMSO-carbolfuchsin method of staining. The IFA method yielded results comparable to those of the auramine staining method in smears with high oocyst concentrations and was significantly (P < 0.005) more sensitive in smears with low oocyst concentrations. (30, 31) , would eliminate the need for laborious production of polyclonal antiserum and thus should facilitate the clinical application of immunofluorescence detection methods. However, cross-reactivity of monoclonal antibodies with fecal yeasts (as reported by Sterling and colleagues [30, 31] ) or potentially with other organisms underscores the importance of extensive testing of the species specificity of antibody reagents and thorough documentation of any consistent patterns of cross-reactivity.
The cysts of most other parasitic protozoa are considerably larger than Cryptosporidium oocysts and generally possess characteristic anatomical features that allow rapid identification. Thus, FA methods for the identification of these other, larger protozoan cysts would probably not represent a significant improvement over current identification methods. Cryptosporidium oocysts, however, are small enough to be easily confused with yeasts or small Blastocystis cells unless special staining methods are used. In our experience, carbolfuchsin failed to stain some of the oocysts in a fecal specimen. Other researchers have reported similar observations (4, 35; Casemore et al., Letter, 1984 ; Nichols and Thom, Letter, 1984) . Iodine or Giemsa staining, negative staining by periodic acid-Schiff reagent, and examination of unstained preparations floated on Sheather sucrose all seem to allow for some error or confusion on the part of inexperienced persons. In contrast, the IFA and auramine methods of oocyst staining are two of the most sensitive, specific, and foolproof methods available for oocyst detection. Because of its greater sensitivity, particularly for smears with low oocyst concentrations, the immunofluorescence method would seem to be the detection method of choice in studies on the prevalence of Cryptosporidium infection in human or animal populations. Additional applications of immunofluorescence detection of oocysts lie in the fields of environmental microbiology, environmental engineering, and municipal water and wastewater treatment, in which the technique can be used to detect and quantify Cryptosporidium oocysts in municipal water supply sources (J. E. Ongerth and H. H. Stibbs, submitted for publication).
In summary, the indirect immunofluorescence method de- scribed here represents a useful new technique for Cryptosporidium identification.
